served. Conclusion: Our data suggest that autologous adipose tissue grafting induces pain relief and promotes wound healing with a good skin quality. Large prospective controlled randomized studies are required to confirm these results.
Introduction
Martorell hypertensive ischaemic leg ulcers were originally described by Fernandes Martorell in 1945 in Barcelona [1] . In 1946, they were renamed hypertensive leg ulcers (HLUs) by Hines and Farber [2] . These ulcers are extremely painful, superficial, rapidly spreading with a fibrinous and necrotic wound bed surrounded by red purpuric margins. They are mainly localized on the dorsolateral part of the leg [3] . Histology is not specific but necessary to exclude other diagnoses. It shows stenotic arteriolosclerosis by hypertrophy of media and intimal hyperplasia [4] . These "hard-to-heal ulcers" are secondary to local ischaemia due to the narrowed lumen of the arterioles and the reduced dermal capillary density in the lower leg [5] . In some specialized hospital departments, HLUs account for up to 15% of all the ulcers treated [6] . Treatment of HLU remains a therapeutic challenge [7, 8] .
Keywords
Wound healing · Hypertensive leg ulcer · Autologous adipose tissue graft · Adipose tissue · Adipose-derived stem cells · Tissue regeneration Abstract Background: Adipose tissue is an abundant source of mesenchymal stem cells, called adipose-derived stem cells, which have anti-inflammatory and trophic effects to enhance overall tissue repair. Objective: To determine the healing effects of autologous adipose tissue graft on hypertensive leg ulcers. Methods: Prospective pilot study in 1 French dermatology department. Ten patients with a hypertensive leg ulcer were enrolled from April 2013 to June 2015. The primary end point was the wound closure rate at each follow-up visit. The secondary end points were wound characteristics, pain assessment and adverse events. Results: One patient, the only smoker, was lost to follow-up at month 5 (M5). For the 9 non-smokers, wound surfaces constantly and significantly decreased: the median wound closure rate was 73.2% at M3 and 93.1% at M6, p < 0.001. The median wound closure rate of the 10 patients was 63.2% at M3, p < 0.001. Percentages of fibrin and necrosis decreased, granulation tissue increased significantly. Pain rapidly and significantly decreased. No recurrence or adverse event was ob-With classical wound dressings, ulcers usually heal after a mean period of 15 months [6, 9] . Adequate therapeutic control of hypertension is mandatory but not sufficient to heal. Skin grafting is the standard treatment but does not prevent recurrences [6, 10] . Adipose tissue is known to be a rich source of mesenchymal stem cells (MSCs) with healing factors, and Lipostructure ® represents a new therapeutic approach for wound repair and tissue regeneration [11] [12] [13] [14] [15] . Our study was designed to determine the clinical efficacy and safety of adipose tissue graft to treat HLUs in 10 patients.
Methods
For further details, see the supplementary material (for all online suppl. material, see www.karger.com/10.1159/000478009) [16] [17] [18] [19] [20] [21] [22] ( Fig. 1 , 2 ).
Results
The baseline characteristics for all patients are presented in Table 1 . The mean age (±SD) was 78.3 ± 8 years (range 64-89), and the duration of ulcers ranged from 1 to 8 months (median 2.5 months, interquartile range 1.8-4.8). The level of pain was high (mean visual analogue scale score 7.7), and 9 of the 10 patients were using opioid drugs. One patient, the only smoker (20 cigarettes/day for 30 years), was lost to follow-up at month 5 (M5). We initially analysed changes in the wound characteristics of the 9 non-smokers during the 6-month follow-up period and then of the overall sample in the first 4 months. Among the 9 non-smokers, the median wound surface slightly increased at day 7 (D7), then significantly decreased up to the end of the follow-up period ( p < 0.001, Table 2 , Fig. 3 ). Starting from M1, the 95% confidence interval of the median wound closure rate excluded 0, indicating a significant decrease in the wound surface compared to D0 ( Fig. 3 ) . The wound closure rate was 73.2% at M3 and 93.1% at M6 ( p < 0.001, Table 2 ). Median fibrin percentages decreased significantly from 61.9% at D0 to 3.1% at M3 and 0% at M6 ( p < 0.001, Table 2 ). In the same way, median necrosis percentages significantly and quickly decreased from 2.4% at D0 to 0% at M1. Granulation tissue increased significantly ( Fig. 4-6 ), and 4 patients had completely healed at M4 ( Table 2 , Fig. 4 , 5 ). Despite Lipostructure ® , the wound surface increased for the smoker (wound closure rate 217% at M4). Results remained mainly unchanged when including the smoker in the analysis, except for the fibrin percentage ( Table 2 ) . Pain decreased rapidly and signifi- as an alternative therapeutic for the regeneration and repair of damaged organs and tissues in various diseases. Initially described for cosmetic applications, this technique is a new therapeutic approach for resolving medical diseases: late side effects of radiotherapy, scars, steroid atrophy, and scleroderma [23] [24] [25] . Clinical and experimental studies have shown that autologous fat grafting enhances skin quality: Mojallal et al. [26] demonstrated that autologous fat grafting stimulated neosynthesis of collagen fibres and increased the vascularization and thickness of the dermis and subcutaneous tissue; Sarfati et al. [24] and Rigotti et al. [25] studied the benefits of fat grafting to the irradiated chest wall and demonstrated that Lipostructure ® has regenerative effects on irradiated tissues [25] and paved the way for breast reconstruction [24] . According to the proposed hypothesis of the isch- 238 aemic nature of radiolesions, they suggested that lipoaspirate transplantation could be potentially extended to other forms of microangiopathy. Skin grafting is the first-line therapy as it may achieve rapid pain relief and healing possibly by releasing growth factors into the wound [6, 10, 27] . Two main studies demonstrated the analgesic and healing properties of pinch [10] and mesh skin grafts [6] to treat 36 ischaemic ulcers. Lazareth and Priollet [10] and Dagregorio and Guillet [6] described analgesic effects over the first few days after the graft. A second or third graft was necessary in 8/16 and 6/20 cases of HLU, respectively, when necrotic patches appeared. Complete healing was obtained within 33 and 14 days, respectively, with an additional period of 1-3 months when new grafts were applied [6] . Whenever possible, general anaesthesia is preferred to perform complete mechanical debridement Color version available online followed by adipose tissue or skin grafts. However, a splitthickness skin graft harvested with a dermatome is painful for a few weeks after the procedure contrary to adipose tissue harvesting. Cutaneous ischaemia localized to the lower legs of these patients explains the potential for relapse but Lipostructure ® can be repeated without scars.
Our only smoker did not see any wound improvement despite the adipose tissue graft. This was probably due to the harmful effect of cigarettes on wound healing [28, 29] . The use of β-blockers should be avoided, and smoking must be stopped [5] . One year after Lipostructure ® , the 9 non-smokers had no recurrence of HLU. No adverse event was observed after Lipostructure ® . The analgesic effect of adipose tissue grafting was noted within the first few days after the procedure. The overall skin graft healing time is shorter when necrosis does not occur because autologous skin grafts provide a stimulus to help heal ischaemic ulcers but also act as tissue replacement. Contrary to the sclerotic and hypopigmented scars usually observed on skin-grafted ulcers and at harvesting sites, we noted that autologous fat positioned in multiple layers localized in the subdermal stratum promoted wound healing with good skin quality as noted in previous studies [23] [24] [25] ( Fig. 4-6 [15] . Compared to bone marrow-derived MSCs, ADSCs are abundantly present in fat tissue and can yield 500 times more cells from the same amount of tissue as bone marrow [12] . Lipoaspirate can be directly used without culturing ADSCs in vitro. This simple procedure prevents potential alteration of their biological functions and reduces the risk of micro-organism contamination [34] . ADSCs secrete many different growth factors (insulin-like growth factor, hepatocyte growth factor, transforming growth factor-β 1 , and vascular endothelial growth factor), consequently stimulating angiogenesis, epithelialization, and wound remodelling through paracrine secretion during wound repair [13, 35, 36] .
Conclusion
Adipose tissue graft is an alternative therapeutic solution to enrich the wound bed in ADSCs and improve pain and healing of HLUs. Adipose tissue is an important source of MSCs, which induce angiogenesis against local ischaemia. The procedure is an adipose tissue microinfiltration with deposits of micrografts of fat in order to en- 
